Hepatitis E virus (HEV) infections are recognized in The
Netherlands as an imported disease related to travel to regions where HEV is endemic, but the disease also results from indigenous transmission of HEV (9, 25) . HEV is transmitted primarily by the fecal-oral route, with mucosal replication and shedding of the virus (2, 17) , but transmission by blood transfusion has also been described (1, 12, 14, 15, 26) . Hepatitis E is caused by viruses belonging to the family Hepeviridae and is typically a self-limiting disease with variable severity, presenting as acute icteric hepatitis with clinical symptoms similar to those of hepatitis A (10) . In The Netherlands locally acquired HEV cases are generally caused by genotype 3, and in the travel-related cases genotype 1 is frequently detected (9, 24, 25) .
Because viremia is thought to exist only during the acute phase of illness, the diagnosis of an HEV infection is mainly dependent on serology (10) . Both HEV-specific immunoglobulin M (IgM) and IgG are generally detectable at the onset of disease, but the titers of IgM decline within 3 months in most patients during early convalescence (5, 8, 13) . In patients with clear HEV-specific IgG responses in the absence of IgM, it cannot be concluded with certainty whether the IgG response reflects past or recent contact with HEV since IgG can be detected in most patients for at least 1 year after acute infection (3, 5, 8, 13) . HEV-specific IgM is used as a reliable and sensitive marker for recent HEV infection; however, the sensitivity is limited to the acute phase of disease since IgM levels decline rapidly and will be undetectable if samples are collected late after onset of disease.
HEV-specific IgA has been detected in sera from acute-HEV patients, and the presence of HEV-specific IgA in combination with IgM was found to be highly specific for the serodiagnosis of acute HEV infections (4, 11, 16, 19, 21, 22) . As the duration of the IgA response seemed limited (19) , it was suggested that anti-HEV IgA detection may be useful to discriminate acute and past infections for serological diagnosis of recent (subclinical) HEV infection (15) . Before possible application of IgA serology the clinical and epidemiological implication of a positive IgA response needs to be further investigated.
We investigated if detection of IgA responses in hepatitis patients with suspected HEV infection is of additional value to IgM detection for serodiagnosing acute HEV infections. For this purpose we used a commercially available IgA enzymelinked immunosorbent assay (ELISA) from Diacheck and adapted the IgG/IgM immunoblot assay of Mikrogen for the detection of IgA. We also compared IgA responses in samples from locally acquired genotype 3 HEV infections with unknown mode of transmission to results in travel-related cases (genotype 1 infections).
MATERIALS AND METHODS
Clinical samples. For evaluating the usefulness of detecting HEV-specific IgA for HEV serology five groups of sera were examined. Group 1 comprised negative-control serum samples from 18 patients with acute hepatitis that were serologically and virologically considered negative for an acute HEV infection (negative for IgM by ELISA and immunoblot assay and a negative PCR result). Most patients in this group were also IgG negative (n ϭ 13), but in five cases low-level IgG responses were detected in the immunoblot assay (score of 4 to 6). Group 2 comprised positive-control sera collected from 23 acute-HEV patients with a positive PCR result for their serum. Nine patients (10 samples) were infected with genotype 1 strains, and 14 patients (15 samples) were infected with a genotype 3 strain. All patients had clinical symptoms of acute hepatitis and/or elevated liver enzymes. These samples were collected during the acute phase (Յ3 weeks after onset of disease). Group 3 comprised follow-up samples from 12 patients (14 samples) identified based on positive IgM and IgG responses and/or a positive PCR result in a previous serum sample. These samples were collected between the start and approximately 2 months after onset of disease. Group 4 comprised sera from 20 patients diagnosed with past or recent HEV infection with an IgG response in the immunoblot assay (blot score of 4 to 12) in the absence of a positive IgM response. Group 5 comprised sera from a group of six patients with a positive IgM result in the absence of IgG in which a possible early infection could not be confirmed with a positive PCR result and which were analyzed for the presence of IgA.
IgG/IgM HEV ELISA (Genelabs Diagnostics). The HEV-specific IgG and IgM ELISAs were performed according to the manufacturer's instructions (Genelabs Diagnostics Inc., California). The ELISA is based on recombinant proteins from the ORF2 gene, which encodes the major capsid protein, and the ORF3 gene, which encodes a short protein of unknown function, from genotype 1 and 2 HEV strains expressed in Escherichia coli (Genelabs) (6, 7, 28) . Positive-and negativecontrol samples provided with the kit were included in each run. Cutoff values were calculated as 0.500 (for IgG) or 0.400 (for IgM) plus the mean absorbance of the nonreactive controls. Ratios of Ն1 (optical density [OD] value of the test sample divided by the cutoff) were considered positive.
IgA HEV ELISA (Diacheck). Prior to testing for HEV-specific IgA antibodies, sera were depleted of IgG with Gullsorb (Gull Laboratories, 's-Hertogenbosch, The Netherlands) to prevent possible interisotype competition. The HEV-specific IgA ELISA was performed according to the manufacturer's instructions (Diacheck, Switzerland). In brief, serum dilutions of 1/21 were added to the plates and plates were incubated at 37°C for 30 min. After a washing, conjugate was added, and plates were incubated for 30 min at 37°C. The plates were washed, and 100 l per well of tetramethylbenzidine substrate was added. The reaction was stopped after 15 min, and the plates were read at 450 nm (second filter, 630 nm). The cutoff level was defined as the average OD plus 3 standard deviations of results obtained with the negative-control sera. Ratios of Ն1 (OD value of the test sample divided by the cutoff) were considered positive.
IgG/IgM/adapted IgA HEV RecomBlot (Mikrogen). The HEV immunoblot assay was performed according to the manufacturer's instructions for the detection of IgM and IgG and adapted for the detection of HEV-specific IgA. For this purpose the optimal dilution of 1/500 of the anti-human IgA peroxidase conjugate (Sigma, Missouri) was used. Antigens on the immunoblot are the N-terminal part of the capsid antigen (glutathione S-transferase fusion protein O2N, 50 kDa), the C-terminal part of the capsid antigen (triple band) (O2C, 38 to 41 kDa), the middle part of the capsid antigen (O2M, 28 kDa), and the ORF3 protein (O3, 15 kDa) of genotype 1 and 2 HEV. Prior to testing for HEV-specific IgM and IgA antibodies, sera were depleted of IgG with Gullsorb (Gull Laboratories, 's-Hertogenbosch, The Netherlands) to prevent possible interisotype competition. All four bands on the immunoblot were scored on intensity (score of 0 to 3), with a maximal score of 12. A specimen was considered positive for anti-HEV IgM or IgG when the total score of the test was higher then 5 or 3, respectively. Samples scoring exactly 5 (IgM) or 3 (IgG) were considered intermediate.
RESULTS
HEV-specific IgA ELISA and immunoblot responses in the control group. A total of 18 serum samples from the negativecontrol group were tested to estimate the specificity of the HEV-specific IgA ELISA. The cutoff value was set at the average OD in this control group plus three times the standard deviation. None of the samples in this group had a positive IgA response in the ELISA (Fig. 1) . Seventeen samples were also tested in the IgA immunoblot assay (Fig. 2) . All controls except one had an immunoblot score of 0. The only response detected in one patient was against the O2M antigen band and was weakly reactive, with a score of only 1. The cutoff level of the IgA-specific immunoblot assay was set at 3, and samples with a score of 2 were considered intermediate. The specificities of both the IgA ELISA and immunoblot assay were 100%.
HEV-specific IgA ELISA and immunoblot assay responses in type 1-infected and type 3-infected PCR-positive patients. Sera from eight patients who were infected with type 1 HEV and nine patients with a type 3 infection were analyzed in the IgA ELISA. All of the HEV type 1-infected patients tested (Fig. 1) , and six out of the nine (67%) type 3-infected patients were IgA positive in the ELISA. All the type 1-infected patients also tested positive for IgA in the immunoblot assay, with scores of 4 to 12. IgA responses in the type 3-infected patients were clearly lower (range, 0 to 6) than those in the type 1-infected patients (Fig. 2) . In total only 57% of the type 3-infected patients (8 out of 14) tested positive for IgA in the immunoblot assay. Three patients were IgA negative, and three patients were considered intermediate. The two patients who had received multiple blood transfusions were both IgA negative in the ELISA, and one patient tested negative and one had an intermediate result in the immunoblot assay. HEV-specific IgA ELISA and immunoblot responses in serologically confirmed acute-HEV patients. IgA responses were detected in the group of serologically confirmed HEV patients on the basis of the presence of HEV-specific IgM and IgG antibodies and/or a positive PCR result in a previous sample. These follow-up samples were taken within 2 months after the onset of disease. The latest positive IgA sample was at 22 days postonset, and at approximately 1 month we detected only weak IgA (n ϭ 2) reactions; thereafter, no IgA was detected. Four out of the five (80%) type 1-infected patients were still IgA positive in the ELISA and the immunoblot assay ( Fig. 1 and 2) . Compared to the type 1-infected group again the responses in the type 3-infected patients were lower on average in both the ELISA and the immunoblot assay. The three tested type 3-infected patients were all positive in the IgA ELISA but had ratios of Ͻ2, and only two out of eight type 3-infected patients (25%) were positive for IgA in the immunoblot assay. In general the IgA responses seemed to decline rapidly over time in both the type 1-and 3-infected patients.
HEV-specific IgA ELISA and immunoblot responses in patients with a solitary IgG or IgM response to HEV. We investigated if detection of HEV-specific IgA was of additional value for patients with solitary IgM (n ϭ 6) or IgG (n ϭ 20) responses to possibly discriminate recent from past infections.
In the IgM-positive patients two patients had detectable IgA in the ELISA and only one patient had a positive score of 3 in the IgA immunoblot assay ( Fig. 1 and 2 ). In only 2 out of the 20 patients with solitary IgG responses (10%) was an IgA response detected in the IgA ELISA (ratios of 1.06 and 1.96) (Fig. 1), but none of the patients tested positive in the IgA immunoblot assay (Fig. 2) .
Comparison of responses to the individual antigen bands in the immunoblot assay in type 1-and type 3-infected patients. The IgA reactivities of serum samples from 15 type 1-infected and 24 type 3-infected HEV patients and 17 control patients to individual bands in the immunoblot assay (O2N, O2M, O2C, and O3) were scored separately and compared (Table 1) . If only immunoblot scores for an individual band of 2 to 3 were considered reactive, the O2N, O2C, O2M, and O3 antigens did not react with IgA in the control sera (n ϭ 17). The type 1-infected patients had IgA responses to antigens O2N, O2C, O2M, and O3, with reactivity in 87%, 80%, 40%, and 53% of the cases, respectively. The responses were lower in the type 3-infected patients, with only 13%, 33%, 0%, and 25% positives, respectively. IgM response detection for serodiagnosing acute HEV infections. In none of the control hepatitis patients (n ϭ 18) was an IgA response against HEV detected by both the IgA ELISA and the adapted IgA immunoblot assay, indicating a high specificity of the assays. IgA responses were clearly more prominent in the type 1 patients compared to the proven type 3 infections. The sensitivity calculated for nine PCR-positive type 1-infected patients was high in both assays (100%) but was clearly lower (57 to 67%) for type 3-infected patients (n ϭ 14). Also, significantly lower responses to the O2N, O2C, and O2M antigens were detected in the type 3-infected patients than in type 1-infected cases. These differences between type 1-and type 3-infected patients could be explained by the use of the homologous type 1 antigens in the assays. This effect was to a lesser extent also observed for the IgM and IgG responses (9) . However, this effect seems more prominent for the IgA response. The lower IgA responses in type 3 patients could also indicate differences in the pathogenic capabilities of type 3 strains versus the type 1 strains. In several countries HEV genotype 3 is found to be closely related to HEV strains detected in domestic pigs and zoonotic food-borne transmission of HEV genotype 3 strains is shown (18, 20, 23, 27) . If HEV genotype 3 infections are indeed zoonotic, infections with genotype 3 could cause a milder infection than the human-related genotype 1 strains. Type 1 infection may cause more-extensive mucosal infection, leading to more and higher IgA antibody production and mucosal stimulation than type 3, with limited stimulation of the mucosal immunity.
DISCUSSION
Transmission of HEV by blood transfusion has been described previously (1, 12, 15, 21, 26) , and two patients who received multiple blood transfusions within the known incubation period before onset of disease were included in our study. Interestingly, no response or intermediate IgA responses were detected in these recipients, and this might confirm the possible parenteral route of HEV transmission. Transmission of HEV through blood transfusions evades the mucosal immune system and probably would not lead to extensive viral replication at mucosal sites and therefore would not be able to stimulate an IgA response.
In the patients with clear HEV-specific IgG responses in the absence of IgM, it cannot be concluded with certainty whether the IgG response reflects past or recent contact with HEV. Most HEV patients produced a clear IgA response, but the IgA levels disappeared usually at the same rate as the IgM antibodies. We detected only two IgA-positive cases with the ELISA and none with the immunoblot assay in patients with an IgG response in the absence of IgM. Possibly these IgG-and IgA-positive patients had recent contact with HEV, but the added value of this application seems low (10%). For this reason detection of IgA antibodies has limited additional value over the detection of HEV-specific IgM for serodiagnosing an acute HEV infection. Since IgM is related to recent contact with the pathogen, detection of it is preferable to detection of IgA.
We conclude that in individual cases additional IgA testing might be useful but that for routine HEV serology there is limited additional value for HEV-specific IgA testing, since detection in all acute-HEV patients is readily accomplished with the standard IgG and IgM immunoassays.
